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Physico-chemical and morphologic parameters of skin
layers and subcutaneous tissue in lymphedematous limb
were studied in vivo using magnetic resonance imaging.
High resolution images were obtained with a depth
resolution of about 70 µm, using a specific surface
gradient coil specially designed for skin imaging and
connected to a standard whole-body imager at 1.5 T.
Twenty-one patients with unilateral lower extremity lym-
phedema (11 primary and 10 secondary) were examined.
Skin thickness, relaxation times, and relative proton
density were calculated in lymphedematous limbs and in
contralateral extremities. In diseased limbs, the average
skin thickness (2.17 mm) was significantly larger
(p J1.5 H 10–4) than that of contralateral limb (1.14 mm).
Major cutaneous alterations due to lymphedema took
place in dermis. In lymphedematous dermis, the signific-
Imaging of human skin has been of little diagnostic value as yetbecause most skin abnormalities can be investigated visuallyand histologically. Nevertheless, a noninvasive visualization ofthe skin may have an important role in some cases, such aspreoperative staging of skin tumors or postoperative follow-
up. High frequency ultrasound is a procedure that is used for edema
quantitation and evaluation of changes in skin thickness (Serup et al,
1995; Gniadecka and Quistorff, 1996). In the same way, due to
improvements of the spatial resolution, magnetic resonance imaging
(MRI) is increasingly used in dermatology, particularly to assess the
different skin layers and to distinguish normal from diseased skin
(Zemtsov et al, 1989, 1991; Maurer et al, 1995; El Gammal et al, 1996;
Ablett et al, 1996; Hawnaur et al, 1996; Song et al, 1997).
Although water is the principal constituent of human skin, little is
known about water behavior, especially in pathologic conditions,
because few methods allow its study. The lymphatic system is important
for normal skin biology. It regulates osmosis and cell hydration by
allowing the clearance of protein and fluid from the tissues, and
constitutes a pathway for macrophages and Langerhans cells. Lymphed-
ema is caused by the functional insufficiency of the lymphatic system.
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ant increase of relaxation time values could be due to a
shift in the equilibrium of water inside this tissue in
relation to the interactions between macromolecules and
water molecules. In lymphedematous epidermis our
results showed an increase in the number of free water
protons. Information about water and fat distribution in
lymphedema was also obtained using chemical shift
weighted images. Our results demonstrated a water reten-
tion diffusely spread over the entire dermis, and an
important fluid retention located in the interlobular spa-
cing and beside the superficial fascia. Inside the subcutis,
the mean thickness of the superficial fat lobules was
increased more than that of the deep fat lobules. From
all the various measurements we could not distinguish
primary from secondary lymphedema. Key words: diseases/
lymphedema/lymphatic system/MR studies/tissue characteriza-
tion. J Invest Dermatol 110:782–787, 1998
Two types of lymphedema are commonly distinguished depending on
their etiology. Primary lymphedema is due to an inherited abnormality
of the lymphatic system usually affecting the lower limbs. The early
onset type is a congenital edema. When the onset occurs around
puberty and until 35 y of age, it is classified as lymphedema praecox.
With an onset later in life, i.e., after the age of 35, edema is classified
as lymphedema tarda. Secondary lymphedema results from a disruption
process of lymphatic circulation due to an earlier disease. In North
America, most lymphedema develop after treatment for various cancers
and result from lymph node surgical removal or node and vessel
damage due to radiotherapy. The consequences of lymphedema depend
not only on the function but also on the distribution of lymph vessels.
Drainage begins inside the superficial dermis, by the initial lymphatics,
at the level of the junction of the papillary and the reticular dermis.
From there, a network of lymph vessels drains into collecting lymphatics
to anastomose with the deep dermal plexus located at the dermal–
subcutaneous junction (Ryan et al, 1986). Then, lymph is transported
subcutaneously in large trunks towards regional lymph nodes. Thus
lymphedema of a limb always involves the skin. Frequently, alterations
also affect tissues in the extrafascial compartments.
The aim of this study is to characterize the different skin layers
in lymphedematous and normal limb. Imaging techniques such as
lymphoscintigraphy and interstitial lymphangiography may provide
confirmation of lymphedema diagnosis. But these procedures allow
only functional assessment of the lymphatic system. Nuclear magnetic
resonance is recognized as a useful method for safe non-ionizing and
quantitative determination of water in biologic materials (Bottomley,
1989; Rajanayagam et al, 1991; Schmidt, 1991; Franconi et al, 1995).
In this study, we have used high resolution MRI to characterize
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epidermis, dermis, and subcutis, by performing measurements of
relaxation times, mobile proton densities, skin thickness, and dimensions
of different components of subcutaneous tissues. Physico-chemical
parameters of the skin layers have been previously measured in vivo
(Kim et al, 1989; Richard et al, 1991, 1993), but to our knowledge
high resolution MRI has not yet been used for the assessment of
lymphedematous skin. Water behavior and particularly modifications
of the mobile to restricted motion water ratio in lymphedematous skin
and subcutis will be analyzed. Moreover, chemical shift images will
provide further information about water and fat distribution in lym-
phedema. Measurements will allow comparison of tissue alterations in
primary and secondary lymphedema.
MATERIALS AND METHODS
Subjects Twenty-one patients (16 females and five males) (aged 18–73 y,
mean 45.7 y) with clinical manifestations of unilateral limb edema were
examined. The diagnosis of lymphedema was proved by the case history, clinical
findings, lymphangio-scintigraphy, and interstitial lymphangiography in all cases.
Eleven patients (nine females and two males) had primary lymphedema with
an average age of 36.8 y. These patients had a normal average body index of
25.9 (normal , 27.5). Seven edema were diagnosed as lymphedema praecox,
and four as lymphedema tarda. There was no congenital edema.
Among the 10 patients (mean age 55.5 y) with secondary lymphedema, six
had undergone surgery for various cancers: prostate (one), uterus (one), anus
(one), nevocarcinoma (two), leiomyosarcoma (one). Three of them had had
associated radiation therapy. Three patients had undergone inguinal lymph node
ablation or biopsy, and one had had a traumatism.
The 21 lymphedematous extremities were classified according to their clinical
stage. Thirteen limbs were pitting resistant and indurated, and presented an
irreversible swelling (clinical stage 2). Eight patients had an elephantiasic
extremity corresponding to a massive chronic lymphedema (clinical stage 3).
There was no limb with a reversible edema pitting easily with pressure (clinical
stage 1). Informed consent was obtained from each subject.
Equipment MRI was performed with a whole-body 1.5 T scanner (General
Electric Medical Systems, Signa, Milwaukee, WI). All patients were examined
with a high resolution prototype module specially designed for skin imaging.
That unit consisted of two coils. One coil was a small surface gradient coil that
was connected in place of the standard antero-posterior gradient coil of the
system. This coil permitted the spatial resolution in the direction perpendicular
to the skin surface to be improved. We obtained a pixel dimension of 70 µm
in this direction. The other coil was a 1.5 cm radius surface receiving radio
frequency coil that improved the signal-to-noise ratio. Typical high resolution
magnetic resonance (MR) images were obtained with an 18 3 50 mm2 field-
of-view and a slice thickness of 3 mm, corresponding to a voxel size of
70 3 390 3 3000 µm3. Further technical specifications of this specific module
have been described in previous publications (Bittoun et al, 1990; Drape´ et al,
1996; Richard et al, 1991, 1993).
MRI investigations
Examination procedure Each patient lay supine in the magnet bore, feet first.
The examined leg was placed with its dorsal surface against the radio frequency
coil. To prevent motion artifact the limb was stabilized by using straps, and
skin surrounding the area under examination was fixed on the imaging module
by means of double-sided adhesive tape. High resolution image acquisition was
performed on the calf, 15 cm below the popliteal space. The swollen lower
extremity was examined first; high resolution acquisitions were then repeated
on the contralateral leg.
Spin-echo axial images In order to determine T1 and T2 relaxation times and
mobile proton densities, two sets of spin-echo axial sequences were acquired
with a 18 3 50 mm2 field-of-view, a slice thickness of 3 mm, a 256 3 128
acquisition matrix, and a 16 kHz receiver bandwidth. Thus the antero-posterior
resolution was 70 µm.
To measure T2 values, a set of single echo sequences was obtained with
repetition time (TR) fixed at 500 ms and different values of echo time (TE).
Six series were acquired with a constant receiver gain and with TE successively
equal to 16, 20, 25, 30, 45, and 70 ms.
The second set of spin-echo sequences was performed with TE fixed at
16 ms in order to measure T1 values. Four images were obtained with a
constant receiver gain and with TR equal to 4000, 1000, 500, and 300 ms.
The signal intensity S of a tissue is given by:
S 5 kN(H) exp(–TE/T2) [1 – exp(–TR/T1)] (1)
where T1 and T2 are tissue relaxation times, N(H) is proportional to tissue
mobile proton density, and k depends on the imager receiver gain during the
acquisition.
Calculations of T1 and T2 relaxation times were performed by substituting
the signal intensity from a region of interest measured in each of the spin-echo
images into Equation (1). We used a routine fit function of the RS Explore
data analysis system (BBN Software Products, Cambridge, MA). The data
adjustment to a monoexponential function was performed by the Marquardt–
Levenberg method and good quality of fit was checked for each curve
during analysis.
To compare the mobile proton density in all the patients, for each skin layer,
we introduced a phantom that was used as a standard. This phantom consisted
of a 5 mm diameter tube filled with an Agar gel doped with a paramagnetic
ion. We used a high concentration of agar gel (5%) and introduced a paramagnetic
ion in order to obtain a phantom with a short T2 value (Mitchell et al, 1986).
We chose manganese (MnCl2, 0.06 mM) because it affects T2 relaxation more
than T1 (Schneiders, 1988). Thus it simulated T1 and T2 values of the skin.
Every image obtained on the patients simultaneously visualized the phantom.
So the mobile proton densities calculated on subjects according to Equation
(1) were normalized to the proton density of the phantom. The signal intensity
decrease with the distance to the RF surface coil has been assessed to evaluate
the influence of the coil sensitivity on comparison between different skin layers.
We measured a sensitivity variation less than 10% in our region of interest.
Spin-echo sagittal images We used high resolution spin-echo T1 weighted sagittal
images to measure fat lobule dimensions in subcutis. As a result of the small
size of the field-of-view, the whole subcutaneous fat layer was not always
visualized in the previous acquisitions, especially in the swollen limb. In the
cases of partial visualization, the next high resolution acquisitions were performed
with a field-of-view of 30 3 50 mm2. Spin-echo sagittal images were acquired
with a repetition time of 500 ms, an echo time of 16 ms, and two excitations.
The slice thickness was 3 mm, the acquisition matrix 256 3 128, and the
receiver bandwidth 16 kHz.
Chemical shift axial images In order to get information about water and fat
distribution in lymphedema, we used a chemical shift imaging sequence (Dixon,
1984) that allowed two types of images to be obtained. The first one is related
to the mobile water fraction within the tissues and shows water only; the
second one is related to the lipid fraction and demonstrates fat only (Mao et al,
1993 Simon and Szumowski, 1992). Chemical shift weighted axial images were
acquired with a repetition time of 1500 ms, an echo time of 17 ms, a field-of-
view of 18/30 3 50 mm2, a slice thickness of 3 mm, an acquisition matrix of
256 3 128, and a receiver bandwidth of 16 kHz. Below the subcutaneous fat,
the antero-posterior dimension of the region located at the superficial fascia
was measured on fat only chemical shift weighted images. The maximum
antero-posterior dimension of the aponeurotic canal formed by the splitting of
the superficial fascia and containing the posterior saphenous vein and nerve was
also measured on fat only images.
Image processing and data analysis To quantitatively evaluate the signal
intensities of the epidermis and dermis, the operator determined a region of
interest over the whole skin thickness. The same region of interest was used in
a whole set of images to perform calculations of T1 and T2 tissue relaxation
times and mobile proton densities. A semiautomatic image analysis permitted
the superficial hypersignal of the epidermis to be separated from the signal of
the dermis. Because of the thinness of the epidermis, care was taken to average
the signal intensities of more than 100 pixels for every region of interest. Inside
the dermis, the hypersignal due to cutaneous appendages as pilosebaceous units
and hypodermis inclusions was eliminated in order to minimize variations due
to tissue heterogeneity. A region of interest was also placed on the phantom.
Total skin average thickness was calculated by using our semiautomatic image
analysis system with the region of interest previously determined by the operator
for relaxation time measurements. In subcutis, calculation of the lobule thickness
was performed on the sagittal spin-echo images, each measurement being the
average value calculated from five different lobules.
Relaxation times, relative proton density values, and thickness values in
pathologic legs were compared for statistical significance with those of normal
leg by using paired Student t tests. We also separated the 21 patients into two
groups: primary lymphedema and secondary lymphedema. Comparison for
statistical significance was made between the two pathologic groups by means
of unpaired Student t tests. The p values less than 0.05 were considered
statistically significant.
RESULTS
T1 and T2 relaxation times are increased in lymphedematous
dermis compared with normal dermis Axial spin-echo T1
weighted images of normal and lymphedematous skin are shown in
Fig 1. Mean values and standard deviations for relaxation times of the
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Figure 1. High resolution MR images demonstrate a thickening of skin
and subcutaneous fat lobules in lymphedematous calf compared with
normal side. High resolution MR images were acquired in a patient with
unilateral primary lymphedema. Images were obtained in lymphedematous calf
(a) and contralateral side (b) using an axial spin-echo T1 weighted sequence
and a field-of-view of 18 mm in the antero-posterior direction. The upper
bright layer represents the epidermis (E) measuring about 100 µm in normal
leg. The dermis (D) corresponds to the hypointense layer located under the
epidermis. Bright inclusions inside the dermis represent pilosebaceous units and
hypodermic invaginations. Lymphatic vessels are not visualized inside the dermis.
The hypodermis appears hyperintense and contains a dark septated structure
separating fat lobules. Epidermis and dermis thicknesses, antero-posterior
dimension of lobules, and septa thickness appear increased in the
lymphedematous leg when compared with the normal side. Scale bars, 1 mm.
skin layers are listed in Table I. In the epidermis and dermis, T2 values
(about 30 ms) were clearly lower than T1 values (about 1000 ms). In
the dermis, both T1 and T2 relaxation times were significantly higher
in pathologic limb than in normal side. In the epidermis, the distribution
of individual T1 and T2 values demonstrated a large data dispersion.
So no statistical difference could be established in the epidermis
between lymphedematous and normal legs. By comparing primary and
secondary lymphedema for T1 and T2 values, no statistical difference
(p . 0.30) could be clearly established in any of the skin layers.
In lymphedema, relative proton density is increased more in
the dermis than in the epidermis Mean relative proton density
Table I. Overview of T1 and T2 relaxation time values of the
skin layers in legs with lymphedema and in normal legsa
Epidermis Dermis
Type of leg T1 (ms) T2 (ms) T1 (ms) T2 (ms)
lymphedema 970 6 107b 34 6 3 988 6 299 40 6 8
normal 950 6 48 32 6 3 753 6 132 36 6 4
p value 0.12 0.08 4.5 3 10–5 1.9 3 10–2
aT1 and T2 relaxation values in lymphedema correspond to the collecting of measurements
in primary and secondary lymphedema.
bMean 6 SD, n 5 21.
Table II. Comparison of relative proton densities of the skin
layersa
Epidermis Dermis
Mean value SD Mean value SD
lymphedematous leg 0.84 0.10b 0.54 0.13
normal leg 0.77 0.10 0.40 0.12
p value 8 3 10–4 6 3 10–7
aMean values of proton density are normalized with the external phantom and are thus
expressed in arbitrary units. The contribution of cutaneous appendages inside the dermis
was excluded in the calculations.
bn 5 21.
values and standard deviations are listed in Table II. The density
values are proportional to the fraction of mobile water protons
contained in the different skin layers. In the normal leg, proton
density of the dermis was markedly lower than that of the epidermis.
The difference between the two series of values was highly significant
(p 5 1.2 3 10–12). In the pathologic limb, this difference was less
marked, but it was also highly significant (p 5 7.4 3 10–10).
Moreover, the relative difference between average proton densities
of the epidermis and the dermis is 36% in lymphedematous skin
and 48% in normal leg. These values are clearly more important
than the radiofrequency surface coil sensitivity variations.
The comparison between pathologic and normal calves demonstrated
a significant increase of relative proton densities in lymphedema. In
the epidermis, the mean increase of the mobile proton density was
10.0%. In the dermis, the mean increase (39.5%) was distinctly larger.
Comparison between primary and secondary lymphedema showed
that there is no statistical difference (p 5 0.72) concerning proton
density values calculated in the epidermis: 0.85 6 0.11 and 0.83 6 0.10
(mean 6 SD) in primary and secondary lymphedema, respectively.
Moreover, in the dermis there was also no statistical difference (p 5
0.26) according to the type of lymphedema: 0.51 6 0.12 and
0.58 6 0.14 (mean 6 SD) in primary and secondary lymphedema,
respectively.
Thickness of skin, subcutaneous fat lobules, superficial fascia,
and aponeurotic canal are larger in lymphedematous than in
normal legs
Skin In diseased limbs, the average skin thickness was m 5
2.17 6 1.02 mm (range 0.75–5.26 mm), which was larger than that
of the contralateral skin, m 5 1.14 6 0.17 mm (range 0.79–1.52 mm).
This increase was statistically significant (p 5 1.5 3 10–4). There was
no statistical difference (p 5 0.24) between primary and secondary
lymphedema.
Subcutaneous fat lobules Adipose tissue structure was well visualized on
high resolution images (Fig 1). In particular, in all legs, one could
distinguish subcutaneous fat lobules separated by fibrous septa and
disposed in two layers. The antero-posterior dimension of the fat
lobules was measured (Table III). In the normal legs, we noticed that
fat lobules of the superficial layer were significantly thinner (p 5
1.1 3 10–4) than those of the deep layer.
Thus we compared separately the two layers of fat lobules. In the
VOL. 110, NO. 5 MAY 1998 HIGH RESOLUTION MRI OF LYMPHEDEMATOUS SKIN 785
Table III. Antero-posterior dimension of fat lobules:
comparison between leg with lymphedema and normal leg
Superficial layer Deep layer
Mean value SD Mean value SD
lymphedema 4.67 1.43a 5.44 1.68
normal 2.99 1.50 3.85 1.58
p value 2.7 3 10–6 1.1 3 10–4
an 5 21.
Figure 2. High resolution chemical shift images demonstrate water and
fat distribution in skin and subcutis. MR images were acquired in normal
calf using a chemical shift imaging sequence. The field-of-view was 18 mm in
the antero-posterior direction. (a) Water only image showing the water fraction
within tissues. The epidermis appears as a linear superficial bright signal. Below,
the dermis (D) corresponds to a heterogeneous signal markedly less intense
than that of the epidermis. Inside the dermis, hyperintense inclusions in
continuity with the epidermis correspond to pilosebaceous units (arrow). The
hypodermis appears hypointense but includes a few hyperintense streaks. Muscles
(M) have an intermediate signal and are separated by linear hyposignals
corresponding to the deep fasciae. (b) Fat only image showing the lipid fraction:
hypodermic invaginations (arrowhead) inside the dermis and subcutaneous fat
lobules (F) are visible. The epidermis is not visualized. Scale bars, 1 mm.
superficial layer, the mean thickness of the fat lobules was significantly
larger in the pathologic limbs compared with that in normal legs,
corresponding to a mean increase of 79.2%. In the deep layer, the
thickness was also significantly increased in the swollen limbs (mean
increase 63.0%). Furthermore, the mean relative increase of the fat
lobule thicknesses of the superficial layer was statistically larger (p 5
0.039) than that of the deep layer. Even in pathologic legs, the antero-
posterior dimension of the fat lobules of the superficial layer was
significantly inferior (p 5 2.6 3 10–3) to that of the deep layer in the
subcutaneous fat.
There was no significant difference between primary and secondary
lymphedema concerning dimensions of fat lobules in the superficial
layer (p 5 0.24) and also in the deep layer (p 5 0.80).
Superficial fascia Figures 2 and 3 show high resolution MR images
acquired in a patient with unilateral primary lymphedema, using a
chemical shift imaging sequence. Fat only images (Figs 2b, 3b) allowed
the thickness of the hypointense region located at the superficial fascia
to be measured, due to the high contrast with the fat areas on both
sides. The thickness was significantly larger (p 5 0.002) in the swollen
legs than in the normal limbs (Table IV). The relative mean increase
of the thickness was 206.0%. There was no significant difference
between primary and secondary lymphedema (p 5 0.79).
Aponeurotic canal Measurements of the high signal intensity region at
the maximum antero-posterior dimension of the aponeurotic canal of
Figure 3. Thickening of the skin and fluid accumulation in hypodermis
are visible with a hyperintense signal on the water only image, whereas
an increase of fat lobule dimensions is visible with a hyperintense signal
on the fat only image. High resolution MR images of skin were acquired in
lymphedematous calf with a chemical shift imaging sequence. Axial images
were obtained in the same patient as in Fig 2, using a field-of-view of 30 mm
in the antero-posterior direction in order to visualize the whole subcutaneous
fat layer in the swollen limb. (a) Water only image. Taking into account the
different field-of-view between Figs 2 and 3, in comparison with contralateral
normal side (Fig 2a), skin is thicker, the dermis has an increased signal as a
whole so the contrast between the dermis and epidermis is lower, and
hyperintense streaks inside the hypodermis are thicker and more numerous.
There are also hyperintense streaks located at the superficial fascia in the
pathologic limb. The muscle compartment has the same appearance as in the
normal side. (b) Fat only image. Antero-posterior dimensions of fat lobules are
larger than in the contralateral side (Fig 2b). The thickness of the hypointense
signal located at the superficial fascia (arrowhead) and the maximum antero-
posterior dimension of the aponeurotic canal (arrow) formed by the splitting of
the superficial fascia were measured on fat only images. Scale bars, 1 mm.
Table IV. Hyposignal region thickness located at the
superficial fascia and maximum antero-posterior dimension
of the aponeurotic canal of the posterior saphenous vein and
nerve measured on fat only chemical shift weighted imagesa
Superficial fascia Aponeurotic canal
Mean value SD Mean value SD
(mm) (mm)
lymphedematous legb 0.62 0.37 5.05 2.34
normal leg 0.25 0.13 4.03 1.48
aMean values are significantly different between lymphedematous and normal legs
(n 5 21).
bValues correspond to the collecting of primary and secondary lymphedema.
the posterior saphenous vein and nerve were performed on fat only
images (Table IV). Calculations showed a significant increase (p 5
7 3 10–4) in the diseased limb compared with that in the contralateral
limb. The mean increase was 24.4%. There was no statistically significant
difference (p 5 0.17) between the two groups of patients: primary and
secondary lymphedema. That region appeared with a hypointense
signal on water only images (Figs 2a, 3a).
DISCUSSION
The relaxation times and the relative proton density of hydrogen
protons are the most commonly employed MR parameters for clinical
applications because they are sensitive to the dynamic structure and
the amount of water in biologic systems (Bottomley et al, 1987; Breger
et al, 1989). The values we have calculated in normal skin are consistent
with those previously published (Richard et al, 1991, 1993).
Our results in normal skin demonstrated a significantly higher
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relative proton density in the epidermis than in the dermis. But it is
well established that the total water content of the epidermis is similar
to that of the dermis (Warner et al, 1988; Richard et al, 1991; Querleux
et al, 1994). Thus the demonstrated difference is the result of a higher
ratio of free to bound water in the epidermis than in the dermis.
Measurements of relative proton density actually permit the fraction
of mobile protons in tissues to be quantitated. Our results showed that
the fraction of mobile protons contained inside the dermis, is about
half of that of the epidermis. The lower ratio of free to bound water
in the dermis is consistent with the large presence of collagen that
represents about 70% of the dermis dry weight. Analyses of collagen
by means of magnetic resonance spectroscopy (Westover and Dresden,
1974; Wise and Pfeffer, 1987) have demonstrated that numerous water
molecules are adsorbed onto the protein surface. Proteoglycans also
have water retention properties. Thus, a considerable number of water
protons may be restricted in their motions because they are bound to
protein molecules such as collagen or proteoglycan (Knaus et al, 1996).
In lymphedematous skin, measurements also showed a relative proton
density that was higher in the epidermis than in the dermis, but
the difference between the two tissues was less important than in
normal skin.
The significant increase of relative proton density in the pathologic
epidermis, when compared with the normal epidermis, indicates that
the epidermis is affected by lymphedema. Findings are consistent with
an increased water content in the lymphedematous epidermis resulting
in an increase in the number of free water protons.
In the lymphedematous dermis, the mean increase of relative proton
density is considerable, about 40%. There is also a significant increase
in T1 and T2 relaxation time values in the pathologic dermis with
respect to the normal side. Our image analysis method permitted the
signal arising from cutaneous appendages to be eliminated. Thus,
changes in relaxation times and proton density of the dermis are due
only to the constituents of the dermal connective tissue. Different
factors may contribute in various degrees to the slower relaxation
mechanism and to the proton density variation inside the pathologic
dermis, i.e., increase of the total water content, increase in the ratio
of free to bound water, and change in the dynamic structure of water
near macromolecules (Mathur-De Vre, 1984).
Taken together, all these results concerning quantitative changes in
the lymphedematous dermis suggest that major tissue modifications
due to lymphedema take place in the dermis. These findings have to
be compared with the anatomy and physiology of the lymphatic
system contained in connective tissues and may also explain the
pathophysiology of lymphedema. Lymphatic capillaries begin in the
interstitial space and then form initial lymphatics at the level of the
subpapillary dermis. These very small vessels are arranged in intricate
networks. Initial lymphatics drain into collecting lymphatics, which go
down through the dermis to anastomose with the deep dermal plexus.
They connect a deeper layer of lymphatic vessels running superficially
to the muscular fascia (Ryan et al, 1986; Ryan, 1989). Our high
resolution MR images did not allow visualization of lymphatics inside
the dermis. This is probably due to the components of the wall separating
the lumen of initial lymphatic from the surrounding connective tissue
(Jdanov, 1969; Gerli et al, 1989). The lymphatic wall consists almost
entirely of endothelium that does not form a continuous basement
membrane. Furthermore initial lymphatics are frequently collapsed and
consequently not visualized.
Many protein molecules that are too large to be carried in the
venous system, return to the blood system via the lymphatics. Taken
as a whole, the lymphatic system carrys protein-rich fluid, other
macromolecules, lipids, broken down cells, entrapped bacteria, and
other debris from the skin, the limbs, and other organs into the venous
blood of the central veins of the chest. The regulation of the tissue
fluid equilibrium is achieved through the directional transportation of
proteins from the tissue to the blood system. In conjunction with the
blood vessel networks, the lymphatic system maintains the equilibrium
between tissue fluid filtration and resorption. When lymphatic flow is
inadequate to meet the tissue demands for drainage, large molecules,
proteins particularly, accumulate in increasing quantities in the inter-
stitial spaces. This phenomenon results in an increase of colloid osmotic
pressure (Olszewski, 1991). So fluid accumulates in the insterstitium.
These facts are in accordance with the modifications of skin relaxation
times, proton densities, and thickness that were pointed out. In
lymphedema, the stagnation of proteins produces an even retention of
water and an increase in the ratio of free to bound water. Using high
frequency ultrasound, Gniadecka (1996) has also observed a uniform
distribution of retained water in the lymphedematous dermis, whereas
in lipodermatosclerosis the water accumulation was confined mostly
to the papillary dermis. The variation of intradermal distribution of
water depending on the clinical type of edema could add to the
explanation of why lymphedema is rarely accompanied by skin ulcera-
tion, whereas chronic edema in venous insufficiency is associated with
leg ulceration.
In the subcutaneous compartment, relaxation time and mobile proton
density determinations were not performed due to the heterogeneity
of the subcutaneous tissue. Nevertheless our MR standard images
demonstrated a diffuse enlargement of the compartment. Moreover,
T1, T2, and chemical shift weighted MR images permitted us to be
more specific about the distribution and the composition of the
subcutaneous connective tissue changes in lymphedema. In particular
the honeycomb pattern displayed in lymphedematous limb corresponds
to a widening of interlobular partitions. High resolution MR images
demonstrate that the interlobular spacing is essentially due to fluid
retention. Measurements performed on fat only images demonstrated
a mean relative increase of about 200% of the thickness of the
hypointense region located at the superficial fascia. The signal intensity
features of that region show that this increase also corresponds to fluid
retention. So in contrast to the dermis where the water retention is
diffusely spread out over the whole connective tissue, in the hypodermis
fluid accumulation is unequally distributed. It is essentially located side
by side with fibrous septa and superficial fascia. That distribution is
consistent with the anatomy of lymph vasculature inside the subcutane-
ous compartment. In addition to that our measurements showed an
antero-posterior extension of the fat. The two layers of fat lobules
were affected to a significantly different degree due to a relative mean
enlargement of about 80% in the superficial layer and 60% in the deep
layer. As regards the maximum antero-posterior dimension of the
aponeurotic canal of the posterior saphenous vein and nerve, the
increase in lymphedema was about 25%. These results allow the place
and the mechanism of the well-known fattening of connective tissue
in lymphedematous limb to be described.
In conclusion, high resolution MRI allows characterization of
lymphedematous tissues. Mobile proton density and time relaxation
MR measurements permitted us to analyze the contribution of different
mechanisms such as the increase of total water content, the change in
the proportion of mobile to restricted motion water molecules, and
the modification in the dynamic structure of water–macromolecular
interactions. These effects are related to the dysfunctioning of the
lymphatic system in carrying protein molecules and subsequently in
regulating the tissue-water equilibrium. MRI may also be helpful in
assessing the efficacy and the tissue mechanism of the different
management options of treatment such as complete decongestive
physiotherapy or manual lymphatic drainage.
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